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A B S T R A C T 	
The	present	case	study,	involving	19	pre-service	teachers,	intends	to	identify	the	potentialities	and	the	limitations	
associated	with	the	development	of	interactive	exhibitions	on	socio-scientific	issues	as	a	strategy	to	empower	




main	 difficulties	 are	 focused	 on	 group	 work	 and	 time	management.	 This	 pedagogical	 initiative	 allowed	 the	
development	of	 competences	 considered	 important	 for	 citizens’	 scientific	 literacy	 and	 active	 involvement	 in	
sociopolitical	action.	
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In	 a	 world	 led	 by	 constant	 scientific	 and	 technological	 innovations,	 there	 are	 a	
number	of	emerging	problems,	at	the	local	and	global	level,	for	which	it	is	urgent	to	






others	 are	 prompted	 by	 the	 network	 of	 social	 and	 ecological	 interrelationships,	
leading	 to	 unpredictable	 results	 requiring	 decision-making	 and	 research	 based	
accountability	criteria.	
In	this	context,	interactive	science	exhibits,	including	the	Exchange	and	Empower	
phases	 of	 the	 IRRESISTIBLE	 project	 teaching	 modules,	 are	 part	 of	 an	 approach	
promoting	democratic	participation.	This	is	sustained	by	a	learning	path	seeking	to	
give	sense	to	future	teachers	lives,	relating	new	knowledge	with	real	concerns.	This	
type	 of	 interactive	 exhibit	 aims	 to	 educate	 future	 teachers,	 as	well	 as	 visitors	 on	
social	 issues	 affecting	 all	 of	 us.	 	 It	 is	 also	our	purpose	 to	develop	 the	participants	





impacts	 of	 the	 project,	 through	 teacher	 training	 and	 professional	 development,	 is	






be	 better	 prepared	 to	 teach	 inquiry	 based	 science,	 and	 actively	 participate	 in	 solving	




INQU IRY 	AND 	RESPONS IB LE 	RESEARCH 	AND 	 INNOVAT ION 	
RRI	plays	a	leading	role	in	Europe,	integrating	one	of	the	central	concerns	of	the	European	
Union	 (EU)	Framework	Program	 (Direcção-Geral	da	 Investigação	e	da	 Inovação,	2014;	





products.	 The	 purpose	 of	 its	 underlying	 principles	 and	 dimensions	 is	 to	 enable	 the	
scientific	and	technological	advancement	of	our	society	to	be	properly	incorporated	(Von	
Schomberg,	2013),	while	 finding	 solutions	 to	a	wide	 range	of	existing	 challenges.	 The	





public	 in	 the	 RRI	 process	 by	 raising	 awareness	 to	 the	 need	 for	 cooperation	 between	
scientific	 research	 and	 society,	 in	 order	 to	 promote	 truly	 responsible	 research	 and	




Based	 Science	 Education	 (IBSE)	 approach	 integrating	 Rodger	 Bybee's	 (5E)	 teaching	
model:	Engage,	Explore,	Explain,	Elaborate	and	Evaluate.	Another	core	characteristic	of	
the	project	was	the	development	of	teachers	and	students’	technological	competences	
using	 digital	 resources.	 The	 Portuguese	 project	 team	 added	 to	 this	 model	 two	 new	
phases	-	Exchange	and	Empower,	extending	it	to	7Es	(Azinhaga,	Marques	&	Reis,	2016;	
Reis	 &	 Marques,	 2016a).	 The	 two	 added	 phases	 to	 the	 5E	 model	 imply	 the	 design,	





The	 adoption	 of	 Inquiry	 in	 the	 IRRESISTIBLE	 project	 intended	 to	 react	 the	
recommendations	of	the	European	Commission	report	presented	by	Rocard	(2007).	One	
of	the	problems	pointed	out	in	this	report,	by	the	science	education	experts	group	led	by	





classes	 opposes	 this	 tendency	 allowing	 students	 to	 increase	 their	 interest	 in	 science.	
Inquiry	 is	 a	 teaching	 strategy	 that	 captures	 the	 spirit	 of	 science	 research,	 and	 the	




(2006),	 when	 analysing	 these	 characteristics,	 highlights	 the	 students	 as	 the	 central	
element	of	this	approach,	and	their	mental	activity	with	a	scientific	orientation	towards	
the	 goal	 of	 developing	 scientific	 explanations.	 Other	 features	 emphasized	 by	 Bybee	
(2006)	 are	 the	 relationship	 between	 the	 issues	 analysed	 with	 current	 scientific	
knowledge,	and	the	existence	of	elements	of	rationalization	and	communication.		
Recognizing	the	importance	of	the	RRI	approach	and	the	use	of	Inquiry	in	the	context	
science	 education,	 the	 scope	 of	 the	 IRRESISTIBLE	 project	 was	 extended,	 giving	 the	





life,	 as	 well	 as	 society	 through	 the	 dissemination	 of	 RRI	 principals,	 promoting	 each	
individual	ability	to	make	better	informed	choices. 
ACT IV I SM 	AND 	 IN TERACT I V E 	 S C I ENCE 	 E XH I B I T S 	 	
Interactive	 exhibits	 aim	 to	 empower	 future	 teachers	 for	 action,	 promoting	 a	 deeper	
understanding	of	the	studied	issues	using	Inquiry	and	RRI.	This	knowledge	can	stimulate	
and	motivate	future	teachers	to	 invest	 in	 issues	that	affect	our	society	and	encourage	
them	 to	 act	 (Hodson,	 2003).	 The	 interactive	 dimension	 of	 the	 exhibits	 	 	 favour’s	 the	
emergence	 of	 meaning,	 resulting	 from	 the	 interaction	 between	 the	 visitors	 and	 the	
facilitators	present	at	the	exhibit	(Reis	&	Marques,	2016b).	For	Reis	and	Marques	(2016b)	
the	 visitors’	 active	 participation	 is	 crucial	 for	 the	 emergence	 of	 clear	 conceptual	
knowledge	 built	 in	 the	 group.	 In	 order	 to	 promote	meaningful	 learning,	 the	 artefact	






view	 about	 a	 given	 issue.	 Another	 effective	 strategy	 to	 stimulate	 interaction	 is	
questioning.	According	to	Marques	(2016),	questions	raised	in	the	beginning,	middle	or	






collaboratively,	 take	 on	 responsibility,	 and	 participate	 in	 activities	 promoting	 change.	
This	is	a	way	for	students	to	learn	how	to	participate,	by	experiencing	participation.	
According	 to	 Hodson	 (2014),	 “to	 show	 students	 how	 to	 establish,	 support	 and	







deal	with	socio-scientific	 issues.	By	 learning	more	about	these	 issues,	students	will	be	
better	prepared	 to	“to	understand	 the	underlying	 issues,	evaluate	different	positions,	
make	an	informed	decision	on	where	they	stand	in	relation	to	the	issue,	and	argue	their	
point	of	view”	(Hodson,	2014,	p.	70).	





from	 the	 first	 grade	 of	 basic	 education	 to	 higher	 education	 –	 taking	 informed	 and	
negotiated	actions	to	address	social	and	environmental	issues),	the	adoption	of	practices	
















geared	 towards	 environmental	 action,	 favouring	 the	 development	 of	 youngsters’	
capacities	 to	 participate	 as	 scientifically	 literate	 citizens	 (Schusler	 &	 Krasny,	 2015).	
Schusler	 and	 Krasny	 (2015)	 found	 that	 youngsters,	 between	 the	 ages	 of	 9	 and	 18	
(attending	environmental	education	programs	–	 in	formal	and	non-formal	educational	
contexts	 –	 in	 the	 United	 States),	 developed	 diverse	 knowledge,	 dispositions,	 and	
capacities	related	to	science	and	civic	participation,	namely	to	understand	problems,	to	
be	 able	 to	 find	 alternative	 explanations	 and	 to	 critically	 debate	within	 a	 community.	
Besides	 this,	 they	 also	 developed	 critical	 thinking,	 allowing	 them	 to	 draw	 their	 own	
conclusions	 about	 socio-scientific	 and	 socio-environmental	 issues.	 Another	 advantage	




through	 democratic	 processes	 stemming	 from	 concerns	 centred	 on	 social,	 economic,	
environmental,	 moral,	 and	 ethical	 dimensions.	 According	 to	 these	 authors,	


















The	 processes	 of	 doing	 science	 and	 engaging	 in	 participatory	 democracy	 share	many	
characteristics,	 such	 as	 questioning,	 understanding	 systems,	 considering	 alternative	
explanations,	and	the	need	to	critically	discuss	issues	within	a	community.		Youngsters	
civic	engagement	during	public	consultations	and	when	integrating	organizations,	fosters	
their	development,	as	well	 as	 stimulates	 change	 in	 society.	As	 stated	by	Schusler	and	






students	 have	 the	 opportunity	 to	 actively	 participate	 in	 improving	 the	 environment	
during	 their	 educational	 process,	 they	become	agents	of	 their	 own	 learning	 and	 take	
responsibility	in	their	lives	and	are	able	to	cope	with	change.	
A C T ING 	 IN 	D EMOCRAT I C 	 SOC I E T I E S 	
Action-oriented	 science	 education	 implies	 the	 transformation	 of	 attitudes,	 values,	
behaviours	and	beliefs	that	awaken	the	will,	desire	and	ability	to	act	(Ukpokodu,	2009).	
This	study	view	of	science	education	aims	at	the	expansion	of	democracy	and	democratic	








argues	 that	 such	 a	 function	 is	 only	 possible	 if	 a	 transformation	 occurs	 in	what	 is	 the	
essence	of	the	school	purpose.	A	society	with	these	characteristics	should	offer	a	type	of	
education	 that	 provides	 individuals	with	 personal	 interest	 in	 social	 relationships,	 and	
reasoning	competences	that	ensure	social	change	(Paraskeva,	2005).	
Carter,	 Rodriguez	 and	 Jones	 (2014)	 argue	 that	 transformative	 learning	 theory	
provides	 a	 relevant	 framework	 for	 students	 to	 raise	 their	 awareness	 about	 current	
science	 issues,	 enabling	 them	 to	 take	 informed	 decisions	 necessary	 for	 sociopolitical	
action.	 Transformative	 learning	 requires	 the	 direct	 intervention	 of	 the	 individual,	
enabling	him	to	develop	the	competences	and	dispositions	for	critical	reflection.	These	
premises	are	essential	components	for	democratic	citizenship	(Mezirow,	2003).	 In	this	





self-learning	 and	 focus	 on	 action.	 Reflection	 developed	 in	 this	 process	 stems	 from	 a	
dilemma,	or	confrontation,	that	encourage	students	to	identify	and	critically	review	their	
ideas.	 Beliefs,	 emotions,	 and	 knowledge	 about	 a	 particular	 issue	 are	 questioned.	
Reflection	and	construction	of	new	knowledge	allow	for	the	emergence	of	alternative	




























and	 to	 study	 the	 implications	of	 the	 implementation	of	 the	 "Geoengineering:	Climate	
Control"	 module	 of	 the	 IRRESISTIBLE	 project,	 we	 collected	 data	 from	 participant	
interviews,	a	final	evaluation	questionnaire	and	participant	observation.	The	choice	for	
semi-structured	 interviews	as	 the	main	 technique	 for	data	 collection	 is	 related	 to	 the	
possibility	of	expanding	viewpoints	and	opinions	regarding	the	phenomenon	under	study	
(Gray,	2012).	According	to	Quivy	and	Campenhoudt	(1992),	its	main	advantages	are	due	




additional	 information	 about	 the	 study	 for	 its	 better	 understanding.	 As	 Gray	 (2012)	
points	 out,	 observation	 allows	us	 to	 go	beyond	people's	 opinions	 and	 interpretations	













sought	 to	 systematically	 organize	 the	 collected	 data	 in	 order	 to	 increase	 its	
understanding	through	reduction	(Bogdan	&	Biklen,	1994).	
I N T ERACT I V E 	 S C I ENCE 	 E XH I B I T 	 D EVE LOPMENT 	 PROCES S 	
Planning,	 designing	 and	 implementing	 an	 interactive	 science	 exhibit	 on	 the	 topic	 of	
Climate	 Geoengineering	 (CG)	 came	 about	 following	 the	 proposal	 introduced	 in	 the	
"Geoengineering:	 Climate	 control?"	 module	 as	 part	 of	 the	 IRRESISTIBLE	 project.	 The	
exploration	 of	 the	module	 followed	 an	 Inquiry	 Based	 Science	 Education	 strategy	 (5E	
model)	 to	 which	 the	 Exchange	 and	 Empower	 phases	 were	 added.	 All	 phases	 were	
thoroughly	 explained	 to	 the	 class	 and,	 over	 the	 course	 of	 eight	 weeks,	 all	 work	was	



























-	 Concept	 net,	 poster;	 discussion	 activity;	 evaluation	 of	 the	 exhibition	
artefacts	and	of	the	exhibition	itself.	
In	order	 to	 recall	 the	 theme	of	Climate	Change,	 a	 task	was	proposed	 to	 the	 students	










display	 their	 initial	 understanding.	 The	 concept	 net	 elaborated	 by	 each	 pair	 was	
presented	 and	 discussed	 in	 the	 class.	 The	 Explore	 phase	 sought	 to	 deepen	 students'	
knowledge	of	CG,	understanding	that	there	are	a	number	of	CG	strategies	that	are	being	
researched.	Each	group,	based	on	their	research	about	the	technologies	used	in	one	of	
the	 CG	 categories	 -	 removal	 of	 CO2	 from	 the	 atmosphere	 and	management	 of	 solar	
radiation,	prepared	a	collaborative	document	in	the	form	of	a	poster	(built	with	Glogster	
software).	 A	 second	 stage	 of	 this	 phase	 consisted	 in	 an	 experimental	 activity	 for	 the	
future	teachers	to	research	the	effect	of	surface	colour	in	the	Albedo,	with	the	goal	of	
restructuring	 the	 knowledge	 built	 about	 one	 of	 the	 strategies	 of	 Solar	 radiation	
management	-	painting	the	roofs	white.	In	the	Explain	phase,	the	groups	presented	and	
discussed	 the	 ideas	 included	 in	 the	 Glogster	 posters	 and	 answered	 an	 online	
questionnaire	(elaborated	by	each	group)	about	the	techniques	that	each	group	explored	
in	their	posters,	in	order	to	assess	their	learning	and	to	evaluate	the	effectiveness	of	the	
presentations.	 Each	 student	 also	 had	 to	 elaborate	 a	 new	 concepts	 net	 about	 their	
learning	until	that	moment.	The	introduction	of	RRI	happened	during	the	Elaborate	phase	
through	 the	 reading	of	 texts,	 and	 the	discussion	of	 the	dimensions	 that	 integrate	RRI	




to	 research	 and	 analyse	 news	 about	 CG	 strategies	 that	 have	 been	 implemented	
worldwide,	in	order	to	reflect	about	the	consequences	of	its	use	in	social,	environmental	




exhibit,	 the	 future	 teachers	are	expected	 to	 share	with	 the	community	 their	 research	
results,	 and	 communicate	 the	 knowledge	 they	 have	 built.	 The	 preparation	 of	 the	







assessed	 against	 established	 learning	 objectives,	 creating	 opportunities	 for	 to	 reflect	
about	their	performance	(Reis	&	Marques,	2016a).	
R ESULTS 	AND 	D I SCUSS ION 	
L EARN ING 	OUTCOMES 	AND 	 ENGAGMENT 	 IN 	 SO LV ING 	 SOC IA L 	
P ROB LEMS 	O F 	 S C I ENT I F I C 	 AND 	 T ECHNOLOG ICA L 	NATURE 	 	
The	content	analysis	of	the	interview	transcripts	allow	to	detect	the	following	main	lessons	

























and	 communicate	 this	 information	 in	 an	 understandable	 and	 adequate	 way,	 leading	






The	 field	 notes	 allow	 to	 support	 the	 data	 obtained	 by	 the	 interview,	 evidencing	 the	
knowledge	 built	 by	 the	 future	 teachers,	 namely	 in	 terms	 of	 the	 advantages	 and	
disadvantages	associated	with	CG	techniques.	However,	they	add	information	about	the	
process	 developed,	 since,	 at	 an	 early	 stage,	 some	 students	 have	 shown	difficulties	 in	
understanding	 the	 subject.	 As	 the	 tasks	 were	 being	 carried	 out,	 accompanied	 by	
discussion	 in	 the	 classroom	 and	 feedback	 from	 the	 teacher,	 the	 difficulties	 were	
overcome.	




theme	 (through	 the	 work	 and	 interventions)	 ended	 up	 overcoming	 their	 main	
shortcomings”.	(Field	notes,	April	24,	2017)	
The	 competence	 to	 organize	 an	 exhibition	was	 the	 second	most	mentioned	 category	












if	 the	 expression	 of	 ideas	 was	 initially	 seen	 as	 difficult,	 this	 experience	 allowed	 to	




























“I	 learned	that	people	should	show	more	 interest	and	should	get	more	engaged	 in	the	
issues,	in	society,	because	it	is	also	something	that	affects	them,	that	affects	all	of	us”.	
(T1)	
Regarding	 the	 potentialities	 emphasized	 by	 the	 future	 teachers,	 the	 answers	 were	











Raising	interest	 	 4	 21,1	
Raising	awareness	 	 2	 10,5	
Satisfaction	 	 2	 10,5	
Legend:	N	-	number	of	future	teachers	who	mentioned	a	particular	category.	
With	 the	 exception	 of	 one	 respondent,	 for	 whom	 these	 experiences	may	 encourage	

































D E S IGN ING 	AN 	 IN T ERACT I V E 	 E XH I B I T 	 A S 	 A 	 S TRATEGY 	O F 	 ACT I V E 	
PART I C I PAT ION 	AND 	 SOC IA L 	 ACT ION 	 FOR 	 FUTURE 	 T EACHERS 	
Future	teachers	considered	that	features	related	to	design	–	time	management	(N=7),	
artefact	(N=7),	and	the	exhibit	itself	(N=2);	group	work	–	between	group	members	(N=6)	
and	 between	 groups	 (N=2);	 facilitating	 the	 exhibit	 –	 communication	 (N=3),	 group	











Group	Work	 Between	group	members	 6	 31,6	Between	different	groups		 2	 10,5	













“We	 left	 a	 lot	 of	 things	 for	 the	 last	minute!	 Everything	was	 a	 rush,	 some	 of	 us	were	




















Communication	was	 considered	 by	 three	 students,	 during	 the	 facilitating	 phase,	 as	 a	
factor	 that	 could	 hinder	 the	 exhibit,	 given	 some	 facilitators	 struggles	 to	 express	
themselves	 and	 explain	 the	 issues.	 Another	 problem	 identified	 by	 the	 students	 was	






















problem	 and	 interacting	 with	 them	 ...	 I	 only	 understood	 this	 at	 the	 end,	 when	 some	
students	admitted	that	this	dimension	-	communication	oral	-	was	their	great	fear,	but	
they	quickly	overcame	it”.	(Field	Notes,	June	30,	2017)	





















The	 exhibit	 acted	 as	 a	way	 to	 raise	 awareness	 in	 the	 community	 to	 the	 issues	 being	






questionnaire,	 the	 evaluated	 criteria	 focused	 on	 the	 Exhibit	 characteristics.	 For	 this	
purpose,	 a	 Likert	 scale	 was	 used	 with	 the	 levels	 "insufficient,	 reasonable,	 good	 and	
excellent".	The	questions	sought	 information	on	the	aspects	 that	 they	 liked	the	most,	






Criteria	 Insufficient	 Reasonable	 Good	 Excellent	
Educational	 	 	 17	(51,5%)	 16	(48,5%)	
Interactive	 	 2	(10,5%)	 16	(48,5%)	 15	(45,5%)	
Informative	 	 1	(3%)	 8	(24,2%)	 24	(72,7%)	
Innovative	 	 3	(9,1%)	 14	(42,4%)	 16	(48,5%)	
Fun	 	 3	(9,1%)	 12	(36,4%)	 18	(54,5%)	
Attractive	 	 5	(15,2%)	 15	(45,5%)	 13	(39,4%)	
Interesting	 	 3	(9,1%)	 11	(33,3%)	 19	(57,6%)	
Clarifying	 	 1	(3%)	 18	(54,5%)	 14	(42,4%)	
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F INAL 	REMARKS 	
Planning,	 designing	 and	 facilitating	 interactive	 science	 exhibits	 supported	 the	 future	
teachers	 development	 of	 a	 diverse	 set	 of	 skills,	 fundamental	 for	 changing	 attitudes	
towards	 issues	 affecting	 society.	 Lessons	 learned	 on	 Climate	 Geoengineering	 and	
Responsible	Research	and	Innovation	were	essential	to	get	to	know	and	understand	the	
scientific	 issue,	 in	 order	 to	 design	 a	 relevant	 and	 interesting	 exhibit.	 In	 this	way,	 the	
knowledge	 built	 on	 the	 socio-scientific	 issue	 studied	 was	 fundamental	 to	 their	
understanding	 (Hodson,	 2014).	 The	 purpose	 of	 the	 IRRESISTIBLE	 project	 was	 thus	
achieved,	by	verifying	 that	whole	process	around	 the	exhibit	 raised	awareness	 to	 the	
issues	being	studied,	and	helped	to	realise	 that	all	 research	and	 innovation	should	be	
guided	 by	 responsibility	 principles	 (Reis	&	Marques,	 2016a).	 Through	 the	 exhibit,	 the	
study	participants	had	the	opportunity	to	participate	in	collective	community	action	on	
a	 controversial	 issue,	 functioning	 as	 a	 platform	 for	 raising	 awareness	 and	 providing	
information	 for	 the	 community	 and	 themselves	 (Reis	 &	Marques,	 2016b).	 Therefore,	





















order	 to	 interactively	engage	with	 the	proposed	artefacts,	 as	well	 as	 include	 time	 for	
reflection	and	discussion.	This	experience	was	very	restricted	in	the	exhibit	held	by	the	
future	 teachers,	 because	 the	 visiting	 groups	 had	 very	 limited	 time	 to	 explore	 the	





clarifying	 characteristics.	 This	 data	 illustrates	 how	 implementing	 interactive	 science	






Thus,	 teacher	 education	 has	 an	 important	 role	 to	 play	 in	 this	 area,	 and	 should	
provide	students	with	more	teaching-learning	scenarios	that	provide	the	opportunity	to	
develop	knowledge	on	how	to	approach	Responsible	Research	and	Innovation	(related	
to	 cutting-edge	 science	 and	 technology	 issues)	 through	 the	 construction	 of	 exhibits	
centred	on	these	issues	with	Inquiry	based	activities	(Reis	&	Marques,	2016b).	
As	 discussed	 by	 Carter	 et	 al.	 (2014),	 in	 their	 study	 with	 initial	 teacher	 training	
students,	when	they	are	exposed	to	relevant	issues	and	include	critical	reflection,	their	
existing	 frameworks	 are	 questioned	 regarding	 their	 knowledge,	 understanding	 and	
opinions.	 This	 way,	 the	 produced	 confrontation	 encourages	 students	 to	 act.	 The	
development	 in	 students,	 future	 teachers,	 of	 a	 new	 awareness	 towards	 social	 and	
educational	 realities,	 based	 on	 current	 social	 issues,	 works	 as	 an	 incentive	 for	
transformation.	In	fact,	transformative	learning	theory	provides	a	powerful	framework	
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